Indirect fluorescent-antibody (FA) tests employing whole or fragmented organisms as antigen have been used advantageously in the serodiagnosis of numerous infectious diseases (Cherry, Goldman, and Carski, 1961) . In these indirect FA techniques, the organism serves as a natural matrix for the functional antigen residing on the surface of the organism under the conditions of the test. Antibody reacting with the functional antigen is detectable by exposure to fluoresceintagged antiserum and visualization with a compound fluorescence microscope. This system does not permit the investigator to objectively select the antigen, and leads to highly subjective reading of test results.
Indirect fluorescent-antibody (FA) tests employing whole or fragmented organisms as antigen have been used advantageously in the serodiagnosis of numerous infectious diseases (Cherry, Goldman, and Carski, 1961) . In these indirect FA techniques, the organism serves as a natural matrix for the functional antigen residing on the surface of the organism under the conditions of the test. Antibody reacting with the functional antigen is detectable by exposure to fluoresceintagged antiserum and visualization with a compound fluorescence microscope. This system does not permit the investigator to objectively select the antigen, and leads to highly subjective reading of test results.
Some of the problems of the indirect FA technique could be overcome by use of soluble antigen fixed onto an artificial matrix. Efforts along these lines were made by Crawford, Wood, and Lessof (1959) in the development of methods for detecting antibodies against thyroglobulin and by Friou (1962) for deoxyribonucleic acid (DNA). As each antigen used by these investigators was viscous in nature, a glass microscope slide could be used as a matrix. Paronetto (1963) Efforts also have been made to devise methods for objective reading of test results. Goldman (1960) and Goldman, Carver, and Gleason (1960) used a fluorescence microscope fitted with a specially designed photometer to quantitate thke fluorescence of individual Entamoeba histolytica cells. Although valid quantitative results could be obtained by the examination of 50 amoeba per specimen, the method is tedious and not practical for routine use. In addition, the technical problems involved would increase as the size of the organism used as antigen decreased.
In the current study, an attempt was made to design a practical soluble antigen fluorescent antibody (SAFA) technique for the serodiagnosis of infectious diseases. Emphasis was placed on the development of methods which would (i) permit the investigator to objectively select the antigen to be employed, (ii) allow objective mechanical reading of test results, and (iii) account for nonspecific fluorescence which might be encountered in the test system.
MATERIALS AND METHODS
Soluble antigen. The lipid-free somatic antigen (Chaffee, Bauman, and Shapilo, 1954) Schistosoma mansoni was used as the soluble antigen for this study. The choice was based upon the excellent sensitivity and specificity that this antigen had shown in complement-fixation (CF) tests (Chaffee et al., 1954; Chaffee and Nieves, 1957; Anderson and Naimark, 1960; Jachowski and Anderson, 1961) for schistosomiasis.
Serum specimens. The 87 schistosomiasis sera were obtained from patients diagnosed by stool examinations or serum reactivity, or both, in a quantitatively standardized CF test (Kent and Fife, 1963) employing the adult worm antigen. The sera from 62 healthy persons, 10 syphilitic individuals, 9 patients with trichinosis, 6 with malaria, and 12 patients with other infectious diseases (filariasis, trypanosomiasis, amoebiasis, strongyloidiasis, opisthorchiasis, and onchocerciasis) were from well-documented cases. All sera were stored at -20 C until required for tests.
Basic considerations. The indirect FA test for the detection of antibody in serum involves two antigen-antibody systems. In this study, the soluble antigen on the artificial matrix incubated with test serum was referred to as the primary system. The secondary system consisted of the washed primary system and the fluorescein-conjugated antihuman globulin.
Phosphate-buffered saline (pH 7.2) was used initially as a diluent. However, it was observed that maximal fluorescence was obtained in a more alkaline buffer, and 0.05 M tris(hydroxymethyl)-aminomethane (Tris) buffer (pH 8.0) (Dawson, 1959 ) made in 0.85% NaCl (TrBS) was substituted.
Initial experiments indicated that choice of a matrix for the primary system was of considerable importance. Various kinds, shapes, and sizes of matrices were studied. Selection of a substance for the matrix was made from the following: Whatman filter papers (no. 1, 2, 3, 4, 5, 7, 11, 20, 31ET, 40, 42, 44, 50, 52, 54 , and 541, cellulose acetate electrophoresis paper, cellulose acetate filter paper (0.45 At porosity), silica gel and aluminum hydroxide loaded papers, and acetylated paper. The shapes included circles from Y to 12 inch (0.3 to 1.3 cm) in diameter, squares (Y8 to 12 inch), strips (½2 by 3 inches; 1.3 by 7.6 cm), and sheets (3 by 3 inches). The strips and sheets were soaked in antigen and the primary system was completed by adding test serum to spots on each strip or sheet (Paronetto, 1963) . The small discs and squares previously soaked in antigen were incubated in a test tube containing the serum. Fluorescein-conjugated antihuman globulin at optimal dilution was used for the secondary system. Two methods for reading the test results were used. The first was macroscopic observation of the discs, squares, strips, and sheets in a light-proof view-box (Chromato-vue, model C-3, Ultra-violet Products, Inc., San Gabriel, Calif.) equipped with a short-wave ultraviolet (quartz) 24-w lamp and a filter transmitting a wave-length of 253.7 mls.
The second reading method consisted of placing the discs on the adhesive side of 2-inch masking tape and mounting the tape on the chromatogram door ( Fig. 1) (Cherry et al., 1961) ., it was essential to reevaluate the following indirect FA steps: (i) the necessity of heating the serum at 56 C for 30 min in a water bath; (ii) the optimal incubation time for the primary antigen-antibody system; (iii) methods of washing the primary system to remove excess serum; (iv) the optimal incubation time for the secondary system; (v) the method of washing the secondary system to remove excess fluorescein-tagged antiserum; and (vi) the methods of reading test results. It was necessary, also, to determine the optimal amount of antigen required for use on the discs and to determine the optimal dilution for the fluoresceiiiconjugated antihuman globulin. In most instances, these factors were determined by stand-
FIG. 1. Mechanical fluorometric reading of tests.
Discs are mounted on the adhesive side of masking tape which is attached to the drum of the paper chromatogram door. The drum is covered with a light shield while tests are being read.
ard procedures with block-type titrations in which variations of the unknown (e.g., antigen) were tested against serial dilutions of a known antiserum.
Preliminary experiments indicated that incorporation of 1% bovine serum albumin (BSA) with the antigen greatly reduced fluorescence which resulted from nonspecific adsorption of test serum to the matrix. This is shown in a representative experiment wherein discs impregnated with antigen plus 1% BSA, antigen alone, TrBS plus 1%7o BSA, and TrBS alone were incubated in serial dilutions of normal serum. The primary systems were washed and incubated in the secondary system. Next, they were washed, and the results were read on a fluorometer. The effect of 1% BSA was shown by adjusting the fluorometer to zero with the antigen plus 1% BSA disc and observing the FDR of the antigen disc. Likewise, the FDR for each TrBS disc was determined with the corresponding TrBS plus 1% BSA disc set at zero.
Since fading of fluorescence is a problem when reading the results of whole-organism tests, an estimation of the degree of fading in the SAFA technique was made. Reactive discs were set at 100 FDR on the fluorometer, and the degree of fading was recorded each minute for 30 min.
SAFA technique selected. The following technique evolved from the preceding evaluations, and it was closely followed for the remainder of the study.
Two cellulose acetate filter paper (0.45, porosity) discs were used for each serum tested. The discs were 14 inch (0.6 cm) in diameter andwere made with a paper punch. One disc was soaked in an optimal concentration of antigen that had been prepared with TrBS containing BSA; the other disc, which served as a control, was soaked in TrBS containing 1% BSA. In both instances, the liquid was allowed to penetrate the paper from underneath, after which the discs were submerged and allowed to soak for approximately 30 sec. The discs then were removed from the fluid with forceps, touched to the side of the vessel to permit draining of excess fluid, allowed to dry partially on the tip of the forceps, and placed on a flat clean glass surface. Drying was allowed to continue (approximately 2 hr), after which the discs were ready for use.
The tests were performed in glass test tubes (13 by 100 mm). For each serum tested, 0.2 ml of serum diluted 1:2 in TrBS was placed into each of two test tubes. An antigen disc was placed into one tube, and a control disc was placed into the second tube. The tests were then incubated at 3 to 6 C for 18 hr. After the incubation period, the fluid in the tubes was aspirated by suction, and 1.0 ml of TrBS was added. The tubes were allowed to stand for 10 min, and the TrBS was aspirated. The procedure was repeated twice, and after the last wash 0.2 ml of fluorescein-conjugated antiserum (diluted to optimal concentration in TrBS containing 2% Tween 80) was added to the tubes. Addition of the 2%o Tween 80 to the conjugate facilitated removal of the excess fluorescein from the discs. The tests then were incubated at room temperature for 30 min. The three washes with TrBS were repeated, and the discs finally were removed, blotted, and mounted on the adhesive side of 2-inch (5-cm) masking tape (Fig. 1) ; for each test, the control disc was mounted first, followed by the antigen disc. It was possible to mount 32 discs (16 tests) on each strip of tape. Tests were read in the fluorometer with the filters previously described. The results of each test were obtained by zeroing the fluorometer with the control disc and reading the antigen disc.
The reproducibility of results obtained by this method was studied by testing a serially diluted reactive serum in repeated protocols. To demonstrate that the SAFA reactivity was due to an antigen-antibody reaction, an attempt was made to remove the antibodies by absorption of a reactive serum with a single calculated dose of washed, packed, and essentially dry cercarial antigencholesterol-lecithin floccules (Anderson, 1962) .
Sera from patients with schistosomiasis and other diseases, and from normal persons, were tested to determine whether the SAFA technique could differentiate between infected and noninfected individuals, and, if so, to determine the degree of fluorescence elicited in each group.
RESULTS
Circles (fi4 inch in diameter) of cellulose acetate filter paper (0.45 j , porosity) consistently yielded the best results of the matrices studied. However, some nonspecific fluorescence was observed even with the cellulose acetate paper. Incorporation of 1 % BSA into the system (Table 1) effectively reduced this problem. With the antigen disc, addition of 1% BSA decreased nonspecific fluorescence 5 to 10 FDR; an even greater reduction of FDR was observed when control discs were treated with BSA.
The adaptation of the standard indirect FA procedures to the SAFA test are shown in Tables  2 to 5. Table 2 shows the effect of heating the serum at 56 C for 30 min. In the representative findings presented, it may be seen that unheated serum showed significantly more reactivity than heated serum. Table 3 shows that relatively high concentrations of antigen are required to obtain maximal reactivity in the SAFA technique. Determination of the optimal incubation period for the antigen-antibody reaction of the primary system is presented in Table 4 . A considerable degree of reactivity was obtained as early as 15 min and was almost maximal at 1 hr. However, the greatest amount of reactivity was obtained by overnight incubation at 3 to 6 C. The determination of the optimal incubation period for fluorescein-tagged antiserum (Table 5) Macroscopic observation of the discs with filtered short-wave ultraviolet light yielded results which were considered comparable to the subjective readings made with the whole organism tests, but did not attain the desired objectivity. Nonetheless, this method proved to be a valuable adjunct, and was used for determining whether discs fluoresced and for other similar determinations where critical readings were not required.
The direct mechanical readings of the fluorometer proved to be objective, reproducible, rapid, and easily performed. In addition, fading, which Table 6 , which show the titers obtained in four consecutive protocols; in each case, the titer with the given control was 16.
All of the antibody reactive in the SAFA test was absorbed by a single calculated dose of washed, packed, and essentially dry antigen cholesterol lecithin floccules (Table 7) .
It was readily apparent that schistosomiasis and nonschistosmiasis sera could be differentiated by the SAFA technique. All 87 sera from patients with schistosomiasis gave values of 24 FDR or greater; the mean FDR for this group was 52. In contrast, the 62 normal sera were in the 2 to 21 FDR range; the mean FDR was 10. The mean FDR for the sera from 37 patients with other diseases was 9 (range, 3 to 20 FDR). Based upon these findings, a tentative interpretation of fluoresence dial readings was made: 0 to 20 FDR = nonreactive, 21 to 24 FDR = weakly reactive; >25 FDR = reactive. The results presented in Table 8 are based upon these values.
DISCUSSION
During the early phases of the development of the technique, it became apparent that the selection of a satisfactory matrix was of primary importance. Attempts to use the antigen-impregnated sheets and strips for matrices, as was done by Paronetto (1963) in a BSA anti-BSA system, proved unsatisfactory for our purposes. On the other hand, the }-inch circles were found to be very acceptable because they: (i) were rapidly made with a punch, (ii) were easily handled, (iii) required small volume of antigen and serum, (iv) remained constantly submerged in the serum and, therefore, were not subject to drying during incubation, and (v) were of a convenient size to read on the fluorometer.
In the course of screening many grades and types of material to find a suitable matrix, it was observed that the cellulose acetate filter paper (0.45 ,u porosity) consistently yielded the lowest degree of nonspecific fluorescence. Of the standard-type filter papers studied, the relatively hard, thin, large pore size papers gave the best results. However, even with the cellulose acetate filter paper (0.45 ,u) selected for the study, some nonspecific fluorescence occurred. This nonspecific fluorescence was attributed to adherence of the test serum to the matrix. The study of substances which might reduce the problem revealed that 1% BSA effectively blocked the adherence of the serum (Table 1) . Although experience gained thus far indicates that choice of the matrix may depend on the antigen-antibody system involved, it appears that 1% BSA or a similar substance probably will be desirable for most systems.
It was noteworthy that a relatively high concentration of antigen was required for impregnation of the disc. While this might appear to be a serious handicap, such was not the case. The antigen used as a model in this study was a lipidfree saline-soluble somatic antigen (Chaffee et al., 1954) prepared from lyophilized adult schistosomes (10 mg/ml of antigen). The antigen normally is used in a spectrophotometrically standardized CF technique (Kent and Fife, 1963) . The optimal dilution of antigen in this procedure usually is 1:20, and results in material sufficient for 60 to 100 qualitative CF tests. In the SAFA technique, it was necessary to impregnate the discs with the undiluted antigen. Nevertheless, approximately 170 discs could be prepared from 1 ml of antigen. Thus, more SAFA than CF tests could be conducted with a given volume of antigen. Since the use of cold 95% ethyl alcohol to fix the antigen to the matrix (Paronetto, 1963) proved to be detrimental to the antigen used in these studies, the antigen-impregnated discs were simply air-dried. Methods for storing antigenimpregnated discs for prolonged periods are being studied. To date, discs stored in vacuo at 3 to 6 C for as long as 4 months have shown consistent results.
Re-evaluation of the normally employed wholeorganism indirect FA techniques for adaptation to the use of a soluble antigen matrix system required some essential changes, at least for the antigen-antibody system used. First, it was observed that sensitivity of the SAFA technique was enhanced if the serum was not heated at 56 C for 30 min in a water bath prior to testing. Second, overnight incubation of the primary system at 3 to 6 C yielded greater sensitivity than was obtainable in the shorter room-temperature incubation periods normally employed when whole organisms are used as antigen. The remaining FA steps could be employed in the SAFA technique without essential changes. In addition, it was shown that a control disc for each serum tested could be incorporated into the SAFA procedure. This was achieved by using a test disc (antigen plus 1% BSA) and a control disc (1% BSA). These two discs were tested simultaneously in separate tubes of patient's serum. This system had the advantage of compensating for any nonspecific fluorescence contributed by either the primary system (e.g., drugs in the patient's serum) or by the secondary system (e.g., free fluorescein in the conjugate).
The Turner model 111 fluorometer fitted with a paper chromatogram door was found to be ideally suited for objective readings of the tests and controls. Moreover, this instrument reads the fluorescence of the entire disc rather than that of an arbitrarily selected segment. Readings were performed by adjusting the machine to zero with the control disc and then reading the specific fluorescence obtained with the test disc. An estimated 15 to 20 sec were required for the reading of each disc. Since the amount of fading of fluoresence was determined to be only 1 fluorescence dial reading per minute, it is obvious that fading is not a factor in this technique as it is in wholeorganism indirect FA techniques.
The reproducibility obtainable with the SAFA technique was considered to be well within the ranges normally accepted for a serological test. In a representative titration ( (Chaffee et al., 1954; Chaffee and Nieves, 1957; Anderson and Naimark, 1960; Jachowski and Anderson, 1961) .
There are at least two areas in which the SAFA technique may have advantages over the CF test. In the first place, sera which are anticomplementary in the CF test can be tested in the SAFA test. This may apply as well to some antigens which tend to be anticomplementary (e.g., malaria and tissue extract). Secondly, at least in the system studied, more SAFA tests could be performed with a given volume of antigen than could be performed in the CF procedure. In connection with the number of SAFA tests per milliliter of antigen, it should be pointed out that with theyiinch discs presently being employed, a 1% neutral density filter is used in the fluorometer, thus reducing its sensitivity 100-fold. Therefore, it is reasonable to speculate that the area of the discs could be reduced and adequate sensitivity maintained by changing or eliminating the neutral density filter. If this could be accomplished, the number of tests per milliliter of antigen would be further increased. At present, investigations along these lines are being made with antigens that are more difficult to obtain.
The findings indicate that the development of SAFA techniques for infectious diseases is feasible and that these techniques would have certain advantages over the whole-organism FA and possibly the CF tests. 
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